® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number; 



O 167 153 

A1 



EUROPEAN PATENT APPLICATION 



© Application number: 85108202.4 
© Date of filing: 02.07.85 



© Priority: 03.07.84 JP 137710/84 



© Date of publication of application: 
08.01.86 Bulletin 86/2 

© Designated Contracting States: 
CH DE FR U 



© Int. CI. 4 : C 07 C 50/02 

C 07 C 46/08 



CO 

If) 



CD 



Q. 
UJ 



© Applicant: MITSUBISHI GAS CHEMICAL COMPANY, 
INC. 

5-2, Marunouchi 2-chome Chiyoda-Ku 
Tokyo(JP) 

@ Inventor: Isshiki, Tomiya 
14-11, 2-chome Umegaoka 
Setagaya-ku Tokyo(JP) 

© Inventor: Yul.Tomoyuki 

22-1,3-chome. Mlyazono Nagareyama-shi 
Chiba-kan(JP) 

@ Inventor: Abe.Mitsuo 

11-18, 5-chome Kane-machi 
Katsushika-ku Tokyo(JP) 

© Inventor: Jono. Masahiro 
17-5. 5-chome Shinjuku 
Katsushika-ku TokyoUP) 

© Representative: Turk, Dietmar, Dr. rer. nat. et al, 
Redies, Redies, Turk & GUIe Patentanwaite 
Brucknerstrasse 20 
D-4000 Dusseldorf 13(DE) 



CD 

m 

CO 
H 



m 

o 
O 

-< 



© Process for the preparation of 2^,5-trimethyibenzoqulnone. 



© A process for preparing 2,3.5-trirnethylbenzoquinone 
(TMBQ) from 2, 3, 6-trimethylphenol fTMPJ. which comprises 
contacting TMP with oxygen or oxygen-containing gas in an 
aqueous solution of a catalyst comprising a copper halogeno 
complex represented by the general formula (I) and an alkali 
metal halide; 



The amount of the catalyst consumed can be greatly 
reduced, and (4) Reuse of the catalyst can be easily 
accomplished. 
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said contact reaction of TMP with the oxygen or the 
oxygen-containing gas being carried out serni-batchwise 
while continuously adding a solution of TMP in a specified 
alcohol to the aqueous solution of the catalyst to which a 
specified alcohol, cupric hydroxide, cuprous chloride or a 
mixture thereof is previously added. 

The present process yields various advantages as fol- 
lows: 

(1) TMBQ can be produced with high selectivity. (2) 
TMBQ can be easily separated from the reaction mixture, (3) 
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BACKGROUND OF THE INVENTION 



PREPARATION OF 2,3,5- 
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The present invention relates to a process for the pre- 
paration of 2,3,5-trimethylbenzoquinone (hereinafter abbreviated 
to "TMBQ") . More particularly, it is concerned with a process 
for preparing TMBQ by oxidizing 2, 3, 6-trimethylphenol (herein- 
after abbreviated to "^MP") with oxygen in an aliphatic alcohol 
having from 5 to 10 carbon atoms in the presence of an aqueous 
catalyst solution comprising a copper halogeno complex and 
an alkali metal halide., TMBQ is a useful substance as an 
intermediate product in the preparation of Vitamin E. 

Various methods are known in the art for the preparation 
of TMBQ through oxidation of TMP in the presence of a catalyst. 
Japanese Patent Publication No. 17585/1978, for example, 
describes a method of oxidizing TMP with oxygen in the presence 
of copper and halogen ions. Japanese Patent Publication No. 
2446/1974 discloses a method using a cobalt complex as a 
catalyst. * * 

These known methods, however, have various disadvantages. 
One o.f the disadvantages is that the catalytic activity in a 

4 • 

reaction system containing water is poor. Another disadvantage 
is that since it is essential to use organic solvents easily 
soluble in water, the catalyst recovery operation is compli- 
cated and, furthermore, the amount of energy to be consumed 
is markedly increased because a large amount of water is 
required to eyaporate for the recovery of the catalyst. In 
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the method of Japanese Patent Publication No. 17585/1978, 
satisfactory results can be obtained only when the reaction 
is carried out using a copper chloride catalyst and a di- 
methyl formamide or ethylene glycol solvent. That is, when 
a copper bromide catalyst, for example, is used, or the 
reaction is carried out with a copper chloride catalyst in 
acetone containing water, the yield and selectivity of TMBQ 
are not satisfactory. This means that in the case of the 
catalyst comprising copper and halogen ion, satisfactory 
results can be obtained only when the reaction system does 
not contain water and copper chloride is used as the catalyst. 
When copper chloride is used as the catalyst, it is required 
a molar amount 0.5 to 2 tiroes as much as TMBQ. 

With the known catalysts comprising copper and halogen 
ion, as described above , satsifactory yield and selectivity 
can be obtained only under limited conditions. Therefore, 
they are unsuitable for practical use* 

In order to overcome the above problems of the prior 
art, the present inventors have already proposed a process* 
using a catalyst comprising a copper halogeno complex ana 
an alkali metal halide (U.S. Serial No. 615,125 filed May 
30, 1984). This catalyst has many advantages over the known 
catalysts. The major advantages are: (1) the reaction can 
be efficiently carried out without any trouble even in a 
reaction system containing water; (2) the catalyst solution 
can be easily separated from the reaction mixture because the 
reaction readily proceeds in organic solvents which are less 
soluble in water; and (3) a gas of low oxygen concentration 
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can be used as a reaction 
activity. 

Fowever, even if the 
following problems arise 
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gas because of high catalytic 



above catalyst is used, the 
when the reaction is carried out 
batchwise. (1) Hexamethylbiphenol (hereinafter abbreviated 
to "HMBP") having the chemical structure: 



CH 3 CH 3 




ssary to use the copper 
nent of the catalyst in 



is by-produced in relatively large amounts, (2) in order to 
obtain TMBQ in high selectivity and high yield, it is nece- 

halogeno complex as the major compo- 
large amounts as much as equimolar 
to or~more than TMP; and (3) it is difficult to control the 
reaction temperature because of large amount of heat generated 
by oxidation reaction. 

SUMMARY OF THE INVENTION 



The present invention is intended to provide a pro- 
cess for the production of TMBQ whereby the amount of a 
catalyst used can be greatly reduced, the yield of TMBQ can 
be increased while decreasing the amount of HMBP formed, and 
the reaction temperature can be easily controlled, provided 
that an expensive oxidizing agent is not necessary to use, 

separated from the reation mixture, 
high activity, is not reduced in 
a long life, is easy in the recovery 



the product is easily 
and the catalyst is of 
activity by water, has; 
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from the reaction mixture and in isolation, and can be used 
repeatedly or in a recycled manner. 

Accordingly the present invention relates to a process 
for preparing TMBQ by contacting TMP with oxygen gas or 
oxygen-containing gas having an oxygen concentration of at 
least 20% in an aqueous solution of a catalyst comprising a 
copper halogeno complex represented by" the following general 
formula (I) and an alkali metal halide, 

M£[Cu{II) m X n ] p (I) 
wherein M is an alkali metal belonging to IA of the Periodic 
Table or ammonium, Cu(II) is a divalent copper, X is a halogen, 
£ is an integer of from 1 to 3, m is 1 or 2, n is an integer 
of from 3 to 8, and p is 1 or 2, provided that £ + 2 mp « np; 
wherein the catalytic reaction of TMP with the oxygen gas or 
the oxygen- containing gas is carried out semi-batchwise while 
continuously adding a solution of TMP in an aliphatic alcohol 
having from 5 to 10 carbon atoms to the aqueous solution of 
the catalyst to which an aliphatic alcohol having from 5 to 
10 carbon atoms, cupric hydroxide, cuprous chloride, or a 
mixture thereof is previously added. 

DETAILED DESCRIPTION OF THE INVENTION 

The catalyst comprising a copper halogeno complex and 
an alkali metal halide , which is used in the present invention, 
is novel and is excellent in a capability to oxidize TMP with 
oxygen and to convert it into TMBQ in a high selectivity. 
That is f it has been unexpectedly found that the catalyst 
used in the present invention is superior in the rate of 
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reaction and selectivity of TMBQ to the known catalyst com- 
prising free copper and halogen ions even in the reaction 
system where water is present and, furthermore, the drop in 
activity of the catalyst due to water is scarcely observed. 

Xhe copper halogeno complex constituting the catalyst 
of the present invention is a coordination compound of 
copper and halogen and is represented by the general formula 

(I): 

MilCudDaXnlp <*> 

wherein all the symbols are as defined above. This copper 
halogeno complex may or nay not contain crystal water. 

M in the formula (I) means an alkali metal or ammonium. 
• The alkali metal includes Li, K, Rb, and Cs. Preferred 
examples are Li, K, and Cs. Particularly preferred is Li. 
- . Preferred examples of the halogen are CI, Br, and I. 
Particularly preferred are CI and Br. 

Typical examples of the copper halogeno complex are 
shown below: 

-Li[CuCl 3 ]-2H 2 0, NH 4 
K[CuCl 3 ], K 2 [CUC1 4 ] -2H 2 0 



CuCl 3 ]-2H 2 0, <NH 4 ) 2 [CUC1 4 ] -2H 2 0, 
Cs ICuC1 3 ] • 2H 2 0 , Cs 2 [CuCl 4 ] - 2H 2 0 , 



Cs 3 [Cu 2 Cl7]-2H 2 0, Li 2 [CuBr 4 ]-6H 2 0, K[CuBr 3 ], (NH 4 ) 2 [CuBr 4 ] ? 
2H 2 0, Cs 2 t^uBr 4 ] , and CslCuBr3]_ v _ 

These copper haloge io complexes can -be prepared by 



known procedures- such as 



those methods described in Mel lor' s 



Comprehensive Treatment on Inorganic and Theoretical Chemistry , 



Vol. Ill, pages 182-201 
The copper halogeno 



(Longman) . 

complex thus prepared can be 



identified byJcnown techniques such as by measuring its 
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melting point. For example , the prepared copper chloride- 
lithium complex, Li [CUCI3] • 2H 2 0, is red-brown in color and 
thus entirely different in appearance from cupric chloride, 
CuCl 2 # 2H 2 O f which is a green crystal and the melting point 
of the complex is 130-135 °C. The melting points of copper 
chloride-lithium complex, Li [CuCl 3 ] • 2H 2 0, and cupric chloride, 
CuCl 2 -2H 2 0, are 130°C and 110°C r respectively, according to 
Mellor's Comprehensive Treatment on Inorganic and Theoretical 
Chemistry, Vol. Ill, pages 184 and 169 {Longman). 

Typical examples of the alkali metal halide which is 
used in combination with the copper halogeno complex are 
NaCl, LiCl, KC1, CsCl, NaBr, NH 4 Br, KBr r CsBr, Nal, Lil, KI, 
and Csl. Of these compounds, LiCl is particularly preferred 
to use from viewpoints of yield and reaction rate. 

-The ratio of the copper halogeno complex to the alkali 
metal halide cannot be determined unconditionally because 
it varies with the type of the used copper halogeno complex 
or alkali metal halide, the solubility of the reaction mix- 
ture in water, and so forth. In general, the molar ratio 
.of the alkali metal halide to the copper halogeno complex 
.is usually 1:1 to 15:1, preferably 1:1 to 10:1, and 
especially preferably 2:1 to 5 si* 

The concentration of the catalyst comprising the above 
copper halogeno complex and alkali metal halide in the 
aqueous phase of the reaction system is preferably 20 to 80 
percent by weight (wt%) , more preferably 20 to 70 wt%, and 
especially preferably 20 to 50 wt%. 
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In a basic embodiment of the present invention, 
reaction is carried out ir the presence of oxygen by adding 
a solution of TMP in a suitable alcohol solvent to a catalyst 
solution previously adjusted to a given composition and a 
given concentration at a given dropping rate. 

In the above embodiment , the amounts of the copper 
halogeno complex and alkali metal halide used cannot be 
determined unconditionally because they vary depending on the 
type "of the copper halogeno complex used, but it is preferred 
that the amount of the catalyst used is less than that in the 
batchwise reaction system, If the amount of the catalyst 
used is indicated in terms of the amount of the copper halogeno 
complex, the amount of this copper halogeno complex used is 
0.1 ~to 1 mole, preferably 0.1 to 0.5 mole, and especially 
preferably 0.1 to 0.3 mols per mole of the 1:otal amount of 
TMP continuously added to the reaction system. 

The amount of the catalyst used in the above system is 
very small compared with that in the batchwise system. The 
amount of the catalyst used in the above system to provide 
the same yield of TMBQ as obtained under the optimum conditions k 
of the batchwise system is about 1/4 of that in the batchwise 



system. 

The alcohol that is 
aliphatic alcohol having 



used in the present invention' is an 
from 5 to 10 carbon atoms, 
preferred examples of such alcohols are n-amyl alcohol r iso- 
amyl alcohol, n-hexyl alcohol, 2-ethylhexanol , n-heptyl 
alcohol, n-octyl alcohol, n-honyl alcohol, and n-decyl 
alcohol. 
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In the present invention, since aliphatic alcohols 
having from 5 to 10 carbon atoms are used, the reaction 
system is completely heterogeneous. Astonishingly, however, 
the reaction is not adversely influenced at all and proceeds 
efficiently even in such a heterogeneous condition. Moreover, 
after the reaction is completed, an aqueous phase as the 
catalyst layer and an organic phase as an alcohol layer 
containing TMBQ can be easily separated by applying phase 
separation. For this reason, post- treatment for reuse of 
the catalyst and isolation of TMBQ can be very simplified. 

The amount of the alcohol used in the present inven- 
tion is not critical. It is necessary, however, for the- 
alcohol to be used in such an amount as not to allow TMP 
to crystallize because the solution of TMP in the alcohol 
should be fed to the reaction system quantitatively and 
continuously. Taking into consideration the above factor 
and also the reaction efficiency, for example, the amount 
of the alcohol used can be determined appropriately. In 
general, the alcohol is used in such an amount that the 
concentration of TMP in the alcohol is from 5 to 50%, 
preferably from 10 to 50%, and especially preferably from 
10 to 30%. 

The reaction temperature varies with the type and amount 
of the copper halogeno complex or alkali metal halide, the 
concentration of the catalyst, and so forth. In general, 
the reaction temperature is preferably from 10 to 120°C, 
more preferably from 30 to 80*C, and most preferably from 40 
to 80° C. The reaction temperature is not necessary to control 
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so precisely. in the batchwise system, as the reaction 
scale is increased, it becomes more difficult to remove 
the reaction heat, and there is a danger of the reaction's 
running away. On the contrary, in the semi-batchwise reaction 
system of the present invention, the amount of the reaction 
heat per unit hour can be controlled by controlling the speed 



of feeding the starting 
heat is easy to remove, 



material, TMP, and thus the reaction 
which in turn makes it easy to control 



the reaction temperature. 

In the preparation of TMBQ through oxidation of TMP with 
the catalyst of the present invention, comprising the copper 
halogeno complex and alkali metal halide, if the batchwise 
reaction system is employed, HMBP is formed in a relatively 
large amount. Thus the present invention is intended to 
depress_the formation of HMBP, more increase the yield of 
TMBQ, and further to permit the use of oxygen gas of low 
concentration. In order to attain the above object, the 
relationship between the oxidation reaction rate and the 

very important. In a case that the 
made higher than a rate at which TMP 
is oxidized, the mode of the reaction becomes similar to the 
batchwise system. As a result, the amount of HMBP formed 
is increased and the advantage of the semi-batchwise reaction 
system is lost. In a case, that the feeding rate of TMP is 
lower than the oxidation rate of TMP, the amount of HMBP 
formed is small and the features of the semi-batchwise 
reaction system are exhibited. However, if the feeding rate 
of TMP is decreased excessively, the reaction time is 
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markedly lengthened and thus the space time yield is undesir- 
ably decreased. In a preferred embodiment of the present 
invention, therefore, the oxidation reaction rate is made 
equal to the feeding rate of TMP, or the feeding rate of TMP 
is made lower than the oxidation reaction rate. The oxidation 
reaction rate varies with the reaction temperature, the type 
and amount of the catalyst, and so forth, and the feeding 
rate of TMP can be determined experimentally. TMP is fed 
usually over 2 to 10 hours, preferably over 2 to 8 hours, and 
especially preferably over 3 to 5 hours. 

In the reaction of the present invention, even after the 
introduction of TMP is completed, a small amount of 4- 
chlorotrimethylphenol (hereinafter abbreviated to "Cl-TMP") , 
an intermediate reaction product of TMBQ, remains in the 
reaction system, it is necessary for the oxidation reaction 
to be further continued. The time for this purpose cannot 
be determined unconditionally because it varies depending 
on other reaction conditions. In general, it is from 0.5 
to 5 hours and preferably from 1 to 3 hours. 

In the most basic embodiment of the semi-batchwise 
reaction of the present invention, a solution of TMP dis- 
solved in a suitable solvent in a suitable concentration is 
supplied to a previously prepared aqueous catalyst solution 
at a suitable feeding rate in the presence of an oxygen- 
containing gas having an oxygen concentration of at least 
20%. In this case, however, there is an induction period 
at the initial stage of the reaction although this is not so 
significant when 100% oxygen is used. For this reason, the 
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TMP, thereby depressing 
increase the TMBQ yield 



same alcohol solvent as 
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reaction proceeds as nearly batchwise at the initial stage 
thereof although for a relatively short period of time, 
thereby increasing the amount of HMBP formed and decreasing 
the TMBQ yield; This tendency becomes more marked as the 

in the gas is more reduced and, 
furthermore, the oxidation reaction rate drops. Therefore, 
in a case that the concentration of oxygen in the gas used 
is small, it is necessary to decrease the feeding rate of 

the formation of HMBP, so as to 
This, however, is undesirable 
because the reaction time is excessively increased. 

In the process of the present invention, therefore, the 

used in the preparation of the TMP 
solution, cupric hydroxide, cuprous chloride, or a mixture 
thereof is previously added to the reaction system, so .that 

the reaction can be avoided and the 
be carried out satisfactorily even if 
an oxygen- containing gas having an oxygen concentration of 
about 20%, i.e., air, is used. In a case that the alcohol 
solvent is added to the reaction system prior to the oxida- 
tion reaction of TMP, the amount of the alcohol added is 
from 0.05 to 1.3 times, preferably from 0.05 to 0.65 time, 
and especially preferably from 0.13 to 0.26 time the weight 
of the alcohol solvent contained in the whole TMP solution. 
The amount of cupric hydroxide or cuprous chloride used is 
limited by its .solubility in the reaction system. In general, 
the amount of cupric hydroxide or cuprous chloride used is 



the induction period of 
oxidation reaction can 



from 0.01 to 0-.05 mole 



per mole of the copper halogeno complex 
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The induction period at the initial stage of the reaction 
can be eliminated, as described above, by adding the alcohol 
solvent, cupric hydroxide, cuprous chloride, or a mixture 
thereof. In a case that cupric hydroxide or cuprous chloride 
is used, -the rate of oxidation into TMBQ of Cl-TMP remaining 
in the reaction system after the dropwise addition of the 

m 

starting material is increased and, as a result, the total 
reaction time is desirably shortened. 

The starting material, TMP, used in the present inven- 
tion is not limited by its method of preparation. For example, 
TMPs prepared by alkylation of phenols (e.g., m-cresol, 2,3- 
xylenol, and 2,5-xylenol) , transalkylation of polymethylphenol, 
alkali fusion of 2,3,6-trimethylbenzenesulfonic acid, oxida- 
tion of 2,3,6-trimethylcumene, distillation of a tar fraction, 
and by isolation from phenols can be used. 

The term "oxygen" as used herein includes both pure 
oxygen and an oxygen-containing gas. The oxygen-containing 
gas includes an oxygen enriched air, air, and oxygen diluted 
with inert gas. Inerts gases which can be used for this 
purpose include nitrogen, helium, and argon. The concentration 
of oxygen in the gas is preferably from 20 to 100%. 

The pressure as an oxygen partial pressure is from 0.05 
to 50 kilograms per square centimeter (kg/cm 2 ) (absolute 
pressure), preferably from 0.1 to 20 kg/cm 2 # and more prefer- 
ably from 0.2 to 10 kg/cm 2 . Most preferred is a pressure 
ranging between 0-.3 and 1 kg/cm 2 . 

The present invention is basically carried out by contact- 
ing TMP with oxygen in water and alcohol in the presence of 
« 
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the copepr halogeno complex and alkali metal halide. In 
most preferred embodiment/ the reaction is carried out in 
a reactor with a stirrer, because good contact of gas with 
liquid is attained efficiently. 



The reaction of the 
by two methods. One of 

m 

through the reactor, and 
method in which a given 
for absorbed oxygen. 

In accordance with 



present invention is carried out 
the methods is to pass an oxygen gas 
the other method is a gas circulation 
pressure is maintained by compensating 



the present invention, a mixture of 
the copper halogeno complex and alkali metal halide is used 
as a catalyst r an aliphatic alcohol having from 5 to 10 
carbon atoms, cupric hyLroxide, cuprous chloride or a mix- 
ture thereof is previously added to the aqueous catalyst 
solution, and the reaction is carried out semi-batchwise. 
Thus, compared with the batchwise reaction system, the amount 
of the catalyst used can be greatly reduced, the yield of 
TMBQ can be increased, and furthermore the control of the 
reaction temperature can be facilitated. 

In the present invention, the product, TMBQ, can be * 
easily separated. Thab is, since an aliphatic alcohol having 
from 5 to 10 carbon atoms is used, the aqueous layer and 
organic layer are always separated from each other. Thus, 
TMBQ can be obtained by distilling away the solvent from the 
organic layer. The aqueous layer can be used repeatedly as 
-a catalyst solution as it is or, if necessary, after concent- 
ration or purification. Therefore, the process of the present 
invention is Excellent from an industrial standpoint. 



■„:nr . 
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tfhe organic layer thus obtained does not almost con- 
tain by-products. Thus, when it is washed with water and 
then reduced as such, a precursor for vitamin E, 2,3,5- 
trimethylhydroquinone, can be obtained in a high purity. 

The present invention is described in greater detail 
with reference to the following examples and comparative 
examples. In* the examples and comparative examples , all 
conversions and yields are expressed in terms of mole. 

COMPARATIVE EXAMPLE 1 

A copper halogeno complex, Li[CuCl3] -2H20, lithium 
chloride, and water were placed in a 1-liter four-necked 
flask to prepare a catalyst solution. After replacement of 
the atmosphere in the flask with oxygen, the catalyst solu- 
tion was heated from the outside and vigorously stirred at 
950 revolutions per minute (rpm) . When the inner temperature 
reached 60°C, a 30% hexanol solution of 2,3,6-TMP was added 
dropwise at a rate of 38.3 grams per hour (g/hr) by the use 
of a constant volume pump. 100% .Oxygen was succesively sup- 
plied from a gas holder, and the amount of oxygen consumed 
was measured with a wet- type gas flow meter. When 115 g 
of the 30% hexanol solution of TMP (0.26 mole of TMP) was 
added (the time required: 3 hours) , its introduction was 
stopped. Subsequently, the resulting mixture was stirred 
for 1 hour at the same temperature. In this example, about 
5 minutes of ah induction period was observed. After the 
reaction, an aqueous layer and an organic layer were 
separated from each other. After the separation of the 
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layers, the alcohol lsyer was analyzed by gas chromatography. 
The results are shown in Table 1. 



Table 1 
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Run 
No/ 



irotal 

TMP/Complex Concen- Conver- Yield Yield 

/LiCl trjation o£ sion of of 

(molar Complex of TMP TMBQ HMBP 



ratio) 



and LiCl 
(wtZ) 



Comparative 1/0 . 25/(K75 
Example 1 



EXAMPLES 1 TO 5 



CO 



(%> (%) 



Yield 
of 

4-Cl-TMP 
(%) 



41 



100 



96.2 



2.3 



The procedure of Comparative Example 1 was repeated 
wherein 20 g of hexanol, 0.2 g of cupric chloride, 0.3 g of 
cuprous chloride, or a mixture thereof was previously added 
to the catalyst solution. The induction period observed 



at the initial stage 



of the reaction in Comparative Example 
1 was not observed in these examples. The results are shown 
in Table 2. 



Run No. 

Example 1 
Example 2 

Example 3 

Example 4 

Example 5 



Compound 
added 
previously 



Hexanol 

Cupric 
hydroxide 

Cuprous 
chloride 

Hexanol + 
Cupric i 
hydros ride 

Hexanol + 
Cuprous 
chloride 
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Table 2 

Conversion 
of TMP 
(%) 

100 
100 

100 

100 



100 



Yield of Yield of 
TMBQ HMBP 
(%) (%) 



97.2 
97.6 

97.3 

97.5 

97.4 



1.8 
1.1 

1.1 

1.2 

1.1 
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EXAMPLES 6 TO 13, AND COMPARATIVE EXAMPLES 2 TO 3 

The reaction was carried out using a gas having an 
oxygen concentration -of 20% (air) and a gas having aft oxygen ' 
concentration of 40% (air + 100% oxygen) in the same manner 
as in Examples 1 to 5 except that the dropping rate of the 
TMP solution was 19.2 g/hr (the dropping period of time was 
6 hours) in Comparative Example 2 and 28.75 g/hr (the dropp- 
ing period of time was 4 hours) in the other examples. 
After the dropwise addition of the TMP solution was completed, 
the reaction mixture was stirred for 1.5 hours, and the 
products were analyzed. The results are shown in Table 3. 
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Oxygen Con- 
Bun No. contrition 



Comparative 
Example 2 

Example 6 
Example 7- 

Example 8 

Example 9 

Comparative 
Example 3 

Example 10 
Example 11 

Example 12 
Example 13 



20 
20 
20 

20 

20 

40 
40 
40 

40 
40 
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Table 3 



Compound Induction C °nver- Yie ^ d Yie f d Yi * ld , 

*AA~A r> 4 j SiOn Of of of Of 

added Period HMEP. 4-C1-TMP 

previously (mx.) ™* • (z) (%) 



Hexanol 

Cupric 
hyiflrbxide 



Cuprous 
chjloride 

Hexanol + 

Cupric 

hydroxide 



Hexanol 

Cupric 
hydroxide 

Cuprous 
chloride 

Hexanol + 

Oipric 

hydroxide 



30 


100 


90 


6.5 


2.0 


5 


100 


95 


3.5 


0.5 


5 


100 


94.5 


3.5 


0.3 


5 


100 


94.7 


3.0 


0.6 


0 


100 


96.8 


2.1 


0 


10 


100 


91.5 


6.5 


0 


0 


100 


97.2 


1.9 


0 


0 


. 100 


97.4 


1.0 


0 


0 


100 


97.0 


1.0 


0 


0 


100 


97.1 


1.3 


0 



EXAMPLES 14 AND 15 

The procedure of Example 1 was repeated wherein the 
dropping rate of the TMP solution was changed to 57.5 g/hr 
and 23 g/hr (the dropping period of time was 2 hours and 5 
hours) . The results are shown in Table 4; 
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Table 4 



Run No • 


Dropping Conver- 

Period sion 
of Time of TMP 
(hr) (%) 


Yield 
of 
TMBQ 
(%) 


Yield 
.of 
HMBP 
(%) 


Yield 
of 

4— CI— TMP 

(%) 




Example 14 


2.0 100 


95.8 


3.0 


0.6 




Example 15 
* 


5.0 100 


96.9 


0.5 


0 




EXAMPLES 16 


TO 20 










The procedure of Example 1 was repeated wherein alcohols 


described in Table 5 were used 


as the 


reaction 


solvent . 


The 


results are 


shown in Table 5. 

Table 


5 








Run No. 


Alcohol 


Conver- 
sion 

of TMP 
(%) 


Yield 
of 
TMBQ 
(%) 


Yield Yield 
of of 
HMBP 4-Cl-TMP 
(%) (%) 


Example 16 


n-Amyl alcohol 


100 


97.1 


2.0 


0 


Example 17 


n-Heptyl alcohol 


100 


97.0 


1.8 


0 


Example 18 


n-Octyl alcohol 


100 


97.3 


2.3 


0 


Example 19 


n-Nonyl alcohol 


100 


97.2 


2.0 


0 


Example 20 


n-Decyl alcohol 


100 


97.0 


2.0 


0 



EXAMPLES 21 AND 22 

The procedure of Example 1 was repeated wherein the 
amount of the catalyst used was changed. The results are 
shown in Table 6. 



0167153AU _> 



1 O _ 
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Table 6 



Run No, 



LiCl (luclipr 
ratio) * 



Conver- 


Yield 


Yield 


Yield 


sion 


of 


of 


of 


of TMP 


TMBQ 


HMBP 


4-Cl-TMP 


(%) 


(%) 


(%) 


(%) 


100 


95.0 


2.1 


1.1 


100 


96.3 


2.0 


0.8 



Example .21 1/1/3 
Example 22 1/0. 5/1 .5 : 
Note: *Catalyst concentration in the aqueous layer; 41 wt%. 



EXAMPLE 2 3 



Of 



The procedure 
catalyst concentration 
in Table 7. 



Run No. 



Example 23 



Catalyst 
Concen- 
tration 
(%) 



Example 1 was repeated wherein the 
was increased. The results are shown 



Table 7 



55 



Conver- 
sion 
of TMP 
(%) 

100 



Yield of 
TMBQ 
1%) 

96.2 



Yield of 
HMBP 
(%) 

1.8 



Yield of 
4-Cl-TMP 
(%) 

1.1 



EXAMPLES 24 AND 25 

The procedure of Example 1 was repeated wherein the 
amount of lithium chloride added was changed, and the cata- 
lyst concentration was adjusted to 41%. The results are 



shown in Table 8, 



Run No. 

Example 24 
Example 25 



LiCl 



Table 8 



Amount of TMP/Complex/ Conver- Yield Yield Yield 



LiCl 



16.6 
^4.2 



1/0.25/2 
1/0.25/0.5 



sion 


of 


of 


of 


of TMP 


TMBQ 


HMBP 


4-Cl-' 


(%) 


(%) 


(%) 


(%) 


100 


94.1 


2.0 


3.0 


100 


93.5 


5.0 


0.8 
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COMPARATIVE EXAMPLE 5 

In this example, the reaction was carried out batchwise. 

Given amounts of a copper halogeno complex, Li[CuCl 3 ] •2H 2 0, 
lithium chloride, and water were placed in a 1-liter four- 
necked flask to prepare a catalyst solution. Then, 115 g of a 
30% hexanol solution of 2,3,6-TMP was added to the flask and, 
after replacement of the atmosphere in the flask with oxygen, 
the resulting mixture was heated from the outside. When the 
inner temperature reached 60 °C, the mixture was vigorously 
stirred at 950 rpm. Oxygen was succesively supplied from a gas 
holder, and the amount of oxygen consumed was measured by the 
use of a wet- type gas flow meter. After gas absorption 
stopped, stirring was further continued for 1 hour at the same 
temperature. When the reaction was completed , the reaction 
mixture, was separated into aqueous and alcohol layers. The 
alcohol layer was separated from the aqueous layer and 
analyzed by gas chromatography. The results are shown in 
Table 9. . 

Table 9 * 



TMP/Complex/ 
Run No. LiCl 

(molar ratio) 



Comparative 1/0#2 5/0.75 
Example 5 



Conver- 


Yield 


Yield 


Yield 


sion 


of 


of 


of . 


of TMP 


TMBQ 


HMBP 


4-C1-TMP 


(%) 


(%) 


(%) 


(%). 


100 


87.5 


11.0 


0.2 



COMPARATIVE EXAMPLES 6 AND 7 

The procedure of Comparative Example 5 was repeated 
wherein the reaction was conducted in the presence of cuprous 
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chloride or cupric hydroxide; The results are shown in Table 



10. 



Run No. 



Comparative Cupric 
Example 6 hydroxide 100 
0.2 g 



Table 10 

Compound Conver- Yield Yield Yield 

added sion of of of 

previously of TMP TMBQ HMBP 4-Cl-TMP 

(%) (%) (%) (%) 



Comparative Cuprous 
Example 7 chloride 
0.15 g 



COMPARATIVE EXAMPLES 8 AND 9 



The procedure of 
wherein a gas having 
was used. The results 



an 



Run No. 



Oxygen 
Concen- 
tration 
(%) 



Comparative 
Example 8 

Comparative 
Example 9 



20 



40 



EXAMPLE 26, AND COMPARATIVE EXAMPLE 10 



100 



86.7 10.8 



87.3 11.3 



Comparative Example 6 was repeated 
oxygen concentration of 20% or 40% 
are shown in Table 11. 



Table 11 

Conver- Yield of Yield of Yield of 



sion 
of TMP 
(%) 

100 



100 



TMBQ 
(%) 



HMBP 
(%) 



85.1 



86.0 



12.3 



11.0 



4 -CI- TMP 
(%) 



0.5 



In Example 26, i:he procedure of Example 1 was repeated 
wherein Li 2 tCuBr 4 ] • 6:3 2 0 was used as the copper halogeno 
complex, and LiCl as the alkali metal halide. 

In Comparative Example 10, the procedure of Comparative 
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Example 5 was repeated wherein Li 2 [CuBr 4 ] • 6H 2 0 was used as 
the ccpper halogeno complex, and LiCl as the alkali metal 
halide. 

The results are shown in Table 12. 

Table 12 

TMP/Complex/ Yield of Yield of Yi ** d 

Run No. LiCl a c ^Sp TMBQ HMBP 4 . cl . TM P 

(molar ratio) ^ (%) (*•) (%) 



Example 26 1/0.3/1 100 90.1 6.5 0 

Comparative 1/4/1 100 87.9 10.1 0 

Example 10 



EXAMPLES 27 TO 32 

The procedure of Example 1 was repeated wherein the 
copper halogeno complexes and alkali metal halides shown in 
Table 13 were used. The results are also shown in Table 13. 

Table 13 



Run No. 


Complex* 


Alkali 
metal 
halide 


Conversion 
of TMP 
(%) 


Example 27 


A 


LiCl 


100 


Example 28 


B 


n 


100 


.Example 29 


C 


H 


100 


Example 30. 


D 


if 


100 


Example 31 


E 


CsCl 


100 


Example 32 


P 


n 


100 



Yield 


Yield 


Yield 


of 


of 


of 


TMBQ 


HMBP 


4-Cl-TMP 


(%) 


(%) 


(%) 


96.9 


1.9 


0 


97.0 


.2.0 


0 


97.1 


2.1 


0 


97.0 


1.8 


0 


96.9 


2.3 


0 


96.8 


2.4 


0 



Note: *Complex A; (NH 4 ) ICUCI3] • 2H 2 0 
" B; KICUCI3] .2H 2 0 

Cj K2lCuCl 4 ]-2H 2 0 
■ • D; Cs[CuCl3] 
• E; Cs2tCuCl4) '2H20 
" Fj CS2tCuBr4] 
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1. A process for pre paring 2, 3,5-trimethylbenzoquinone by 
contacting 2, 3, 6-trime'thylphenol with oxygen or oxygen-containing 
gas having an oxygen concentration of at least 20% in an 
aqueous solution of a catalyst comprising a copper halogeno 
complex represented by the general formula (I) and an alkali 



(I) 



wherein M is an alkali metal belonging to IA of the Periodic 



is a divalent copper, X is a halogen 
L to 3 # m is 1 or 2, n is an integer 



of 3 to 8, p is 1 or 2, and £ + 2 rap - np; 
said contact reaction of 2,3,6-trimethylphenol with the 
oxygen or the oxygen-containing gas being carried out semi- 
batchwise while continuously adding a solution of 2,3,6- 
trimethylphenol in an aliphatic alcohol having from 5 to 10 
carbon atoms to the aqueous solution of the catalyst to 
which an aliphatic alcohol having from 5 to 10 carbon atoms, 

cupric hydroxide, cuprous chloride or a mixture thereof is 

> * 

previously added. 

2. The process as claimed in Claim 1, wherein the 
solution of 2,3,6-trimethylphenol is added over a period of 
at least 2 hours. • 



3. The process as 
aliphatic alcohol having 
from the group consisting 



claimed in . Claim 1, wherein the 

from 5 to 10 carbon atoms is selected 
of n-amyl alcohol, n-hexyl alcohol, 
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2-ethyl hexanol, n-heptyl alcohol, n-octyl alcohol, n-nonyl 
alcohol, and n-decyl alcohol. 

4. The process as claimed in Claim 1, wherein the 
concentration of 2, 3, 6-trimethylphenol in the aliphatic 
alcohol having from 5 to 10 carbon atoms is from 5 to 50 
percent by weight. 

5. The process as claimed in Claim 1, wherein the 
concentration of 2, 3 , 6-trimethylphenol in the aliphatic 
alcohol having from 5 to 10 carbon atoms is from 10 to 50 
percent by weight, 

6. The process as claimed in Claim 1, wherein the weight 
ratio of the amount of the aliphatic alcohol having from 5 

to 10 carbon atoms as previously added to the aqueous solution 
* of the" catalyst to the total amount of the alcohol being 
added is from 0.05:1 to 1.3:1. 

7. The process as claimed in Claim 1, wherein the amount 
of the cupric hydroxide previously added to the aqueous 
solution of the catalyst is from 0.01 to 0.05 mole per mole * 
of the copper halogeno complex used. 

8. The process as claimed in Claim 1, wherein the amount 
of cuprous chloride previously added to the aqueous solution 
of the catalyst is from 0.01 to 0.05 mole per mole of the 
copper halogeno complex used. 

9. The process as claimed in Claim 1, wherein the copper 
halogeno complex is selected from the group consisting of 

- 24 - 
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Li[CuCl3] .2H 2 0, NH 4 
K 2 [CUC1 4 ] -2H 2 0, Cs 
Li 2 ICuBr 4 ]*6H20, K[CuBra] 
CslCuB^]. 



10. The process as 
copper halogeno complex 

11. The process as 



0167153 

[CUC1 3 3 -2H 2 0, (NH 4 ) 2 [CuCl 4 ] -2H 2 0, K [CUCI3] , 
[CuCl 3 ] -2H 2 0, Cs 2 [CuCl 4 ] -2H 2 0, Cs 3 [Cu 2 Cl 7 ] -2H' 2 0, 
(NH 4 ) 2 lCuBr 4 ] -2H 2 0, >Cs 2 {CuBr 4 ] , and 



claimed in Claim 1, wherein the 
:nay or may not contain crystal water, 

claimed in Claim 1, wherein the alkali 



metal halide is at least one selected from the group consist- 



ing of NaCI, LiCl, KC1, 
Lil, XI, and Csl. 



12. The process as 
ratio of the copper 
halide is from 1:1 to 1 



13. The process as 
ratio of the copper 
halide is from 1:1 to 



CsCl f NaBr, NH 4 Br, KBr, CsBr, Nal , 



claimed in Claim 1, wherein the molar 
halogeno complex to the alkali metal 
:15. 



claimed in Claim 1, wherein the molar 
halogeno complex to the alkali metal 
:10. 



14. The process as claimed in Claim 1, wherein the total 
concentration of the copper halogeno complex and alkali metal 
halide in the aqueous layer of the reaction system is from 

20 to 80 percent by weight. 

15. The process as claimed in Claim 12 r wherein the 
total concentration of the copper halogeno complex and 
alkali metal halide in the aqueous layer of the reaction 
system is from 20 J to 70 percent by weight. 
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16. The process as claimed in Claim 1, wherein the molar 
ratio of the copper halogeno complex to 2,3, 6-trimethylphenol 
is from 1:10 to 10:10. 

17. The process as claimed in Claim 1, wherein the molar 
ratio of the copper halogeno complex to 2 , 3 , 6-trimethylphenol 
is from 1:10 to 5:10. 

18. The process as claimed in Claim 1, wherein the oxygen 
concentration* of the gas used is from 20 to 100 percent. 
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